Introduction
COPD prevalence has increased globally over recent decades, affecting 328 million people worldwide. 1 In 2015, total deaths from COPD were 3.2 million 2 and are forecasted to increase by more than 30% in the next decade. This will make COPD the third leading cause of death worldwide by the year 2030. 3 While COPD prevalence is estimated to be 4.7% globally, 1 the overall estimated COPD prevalence in Asia is 6.2%, 4 with a prevalence of 8.5% in Japan 5 and 13.6% in China. 6 A recent study found COPD prevalence among nonsmokers in Vietnam to be 8.1%, 7 suggesting that COPD prevalence among smokers may be much higher. COPD is therefore a major public health concern. In addition to smoking, air pollution and an aging population is contributing to rising rates, especially in low-and middle-income countries.
Malnutrition is common among people with COPD and is often associated with poor prognosis. 9 The prevalence of malnutrition in outpatients with COPD is 10%-45% 10 and may be higher in low-middle-income countries including Vietnam. 11, 12 Malnutrition adversely affects pulmonary function, decreases health-related quality of life (HRQL), and increases the risk of exacerbations, length of hospital stay, and healthcare costs. 10, [13] [14] [15] Inadequate dietary intake is the most commonly cited reason for malnutrition in COPD patients. 16, 17 Previous studies have shown that nutrition interventions could result in significant improvements in functional capacity and quality of life (QoL) as well as decreasing morbidity and mortality for COPD patients. 18, 19 However, most of those studies focus on supplementary intervention, 20 and few investigate potential and specific factors that may alter nutritional status, dietary intake, and QoL of patients with COPD.
In addition, to date, a majority of studies exploring nutritional status or nutrition interventions in COPD patients come from high-income countries rather than low-and middle-income countries. 20 Limited studies in this field have been conducted in the Asia-Pacific region 21 with only one known study in Vietnam. 12 This study aims to explore the nutritional status and dietary intake of outpatients with COPD in Vietnam and investigates their association with QoL. This study will inform the development of appropriate nutrition intervention strategies to improve the nutritional status, functional capacity, and thus QoL of patients with COPD living in Vietnam.
Methods study design and participants
This observational cross-sectional study had been registered in Australian New Zealand Clinical Trials Registry (ANZCTR) and allo cated the ACTRN: ACTRN12618000625279 and was conducted in the National Lung Hospital (NLH), Hanoi, Vietnam, between May 2017 and July 2017. All outpatients who presented to the COPD Management Unit (CMU), NLH for management of their disease were approached. Only outpatients with a confirmed diagnosis of COPD, defined as predicted FEV 1 ,80% and FEV 1 /FVC ,0.7, were invited to participate. COPD disease severity was classified according to the Global Initiative for Chronic Obstructive Lung Disease criteria. 3 All patients with a confirmed diagnosis, regardless of comorbidities, were invited to take part.
A total of 302 patients presented at the CMU during the study period. Of these, 177 patients were confirmed with COPD, by CMU doctors, and all of these were approached. Nine patients were excluded from the study due to the following: one patient was deaf, five patients were hospitalized on the day of visit due to exacerbations, and three patients declined to participate. Therefore, the participation rate was 94.9% ( Figure S1 ).
Written informed consent was obtained from each participant following a detailed explanation of the study purposes and procedure. The study was conducted in accordance with the Declaration of Helsinki and was granted ethical approval from the Human Research Ethics Committees of the Queensland University of Technology (QUT), Brisbane, Australia (QUT ethics approval number: 1600000959) and the NLH, Hanoi, Vietnam (NLH ethics approval number: 462/2016/NCKH).
Measurement
The principal investigator provided comprehensive training on data collection to all nursing and technical staff who were involved as research team members. Socioeconomic and demographic data were collected by a trained triage nurse using a structured questionnaire. Variables included age, gender, smoking status (active smoker, used to smoke, or never smoked), and total smoking years. Clinical information such as lung function (judged by FEV 1 % predicted) or disease severity were extracted from the participants' medical records by the trained triage nurse.
Participants' nutritional status was assessed by the principal investigator using Subjective Global Assessment (SGA) as a "gold standard" to diagnose malnutrition and was categorized as SGA-A, no signs of malnutrition; SGA-B, mild or moderate malnutrition; and SGA-C, severe malnutrition. 22 Anthropometric measurements including height, weight, mid-arm circumference (MAC), triceps skinfolds (TSF), and calf were performed by a trained technical staff of the CMU. Height was measured to the nearest 0.1 cm barefooted using a wall-mounted stadiometer. Weight was measured to the nearest 0.1 kg in light clothing using a digital weighing scale. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). BMI categories for Asians according to the WHO classifications were used in this study: ,18.5 kg/m 2 (underweight), 18. 
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nutritional intake and quality of life in COPD The St George Respiratory Questionnaire for COPD (SGRQ-C) was used to score the HRQL in COPD. This tool was developed and validated based on the original SGRQ which is considered as the gold standard to evaluate HRQL in respiratory disease patients. SGRQ-C is specific for COPD and consists of 40 items in three groups related to symptoms, activities, and impacts. 24 Each score ranges from 0 (no impairment) to 100 (worst possible), a lower score represents a better HRQL. 25 Apart from the validation for the original English version of SGRQ-C, this instrument has been validated in other population groups of Asian countries. 26 In the present study, the face validity of the Vietnamese version of SGRQ-C instrument was confirmed by a pilot test. Irrelevant words, related to differing cultural contexts, such as playing golf and shoveling snow, were removed. The instrument's reliability was investigated by two administrations at an interval of 1 month on 30 participants with COPD. The Cronbach's alpha coefficient had high values exceeding 0.7 for all component scores (symptom: 0.822, activity: 0.910, impact: 0.948). The intraclass correlation coefficients for the symptom, activity, impact, and total scores were high, ranging from 0.722 to 0.834. Therefore, the SGRQ-C Vietnamese version was suitable to evaluate HRQL for COPD patients in Vietnam.
Dietary intake of participants was collected via a 1 day (24 hours) recall. Food records were entered by the principal researcher into the National Institute of Nutrition software for dietary intake analysis, which uses the Vietnamese food composition tables database. 27 Energy and protein intakes were expressed as kcal/kg actual body weight per day and g/kg actual body weight per day, respectively. Estimated energy requirement (EER) and estimated protein requirement (EPR) were calculated according to 30-40 kcal/kg actual body weight per day and 1.2-1.5 g protein/kg actual body weight per day for COPD patients identified as well-nourished (SGA-A), mild/moderately malnourished (SGA-B), and severely malnourished (SGA-C), respectively, as recommendations of energy and protein intakes for malnourished elderly participants. [28] [29] [30] [31] [32] Given that COPD is primarily diagnosed in older age groups and malnutrition is progressive and affects mainly the elderly, using targets for older people was indicated. 33 
statistical analysis
Sociodemographic, behavioral, and health-related characteristics of all participants by malnutrition category are described (n, %). Differences were assessed using chi-squared tests for categorical variables and ANOVA for continuous variables. ANOVA Kruskal-Wallis H test was used for nonparametric variables. Logistic regression was performed for prediction of malnutrition and dichotomized normal nutrition status (SGA-A; referent) or malnourished (SGA-B or C). Age, gender, years smoked, number of exacerbations in the last year, FEV 1 %, %EER, number of daily meals, and BMI were entered as independent variables. Multiple regression analyses were performed for the prediction of total SGRQ and subcategories of symptoms, activity, and impact. Age, gender, and years smoked were entered at Block 1. Number of exacerbations in the last year and FEV 1 % were entered at Block 2. Then to explore the influence of nutrition variables, %EER, number of daily meals, and BMI were entered at Block 3. Where data were nonnormally distributed, the twostep approach detailed by Templeton (2011) was applied. 34 All statistical analyses were conducted in SPSS version 22.0 (IBM Corporation, Armonk, NY, USA). P-values were based on two-sided tests and were considered statistically significant at P,0.05. The current study has been reported according to internationally recognized guidelines: Strengthening the Reporting of Observational Studies in Epidemiology statement.
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Results
Participant characteristics
The characteristics of study participants are described in Table 1 . Of the 168 participants with a mean age of 63.9 years (SD: 8.5), 74.4% were identified as being malnourished according to the SGA classification: 41.7% SGA-B (mild or moderate malnutrition) and 32.7% SGA-C (severe malnutrition). The malnutrition prevalence remained high regardless of age and gender. A majority (85.1%) were smokers with the mean number of smoking years being 30.8 years (SD: 16.3). Those participants in the severe malnutrition status demonstrated smoking for more years (P,0.001).
Mean 
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nutritional intake and quality of life in COPD Most participants (81.5%) reported weight loss in the previous 6 months. More severely malnourished participants were more likely to have experienced and had larger amounts of weight loss (P,0.01, ,0.001, respectively).
As shown in Table 1 , those participants who were malnourished (SGA-B+C) reported fewer daily meals than those with normal nutritional status (SGA-A; P,0.001). Prevalence of malnutrition (SGA-B/C) was found to be the highest among those having less than three meals per day (91.1%), followed by those having three meals per day (73.2%), and lowest among those having more than three meals per day (18.2%), and this was significant (P,0.001; Table 1 ).
Due to traditional beliefs, with "cold" foods claimed to exacerbate coughing, nearly half of participants (42.3%) avoided at least one kind of protein-rich food such as seafood (69.0%), beef or buffalo meat (40.8%), peanuts or sesame seeds (36.6%), and poultry meat (chicken or duck, 25.4%). Lactose intolerance was the reason given for milk avoidance (7.0%; data not presented in table). This indicates a lower diversity of protein-rich foods from which the participants could choose.
On average, study participants consumed 26.4 kcal/kg body weight per day (SD: 8.6) and 1.04 g protein/kg body weight per day (SD: 0.34). Those with severe malnutrition consumed more energy and protein compared to those with normal nutrition (P,0.01), when energy intake (EI) or protein intake (PI) is expressed according to body weight's requirements. The %EPR achieved by malnourished participants was significantly (P=0.005) lower than that for well-nourished participants. The %EER achieved by malnourished participants was lower than that in wellnourished participants but not significant (P=0.508).
Most of participants did not meet their EER and EPR (85.7% and 85.1%, respectively).
Mean total and subscores for the SGRQ indicated that the sample had substantially reduced QoL, especially within the activity component. The mean total SGRQ score was 48.6 (SD 21.1). For subcategories, the highest score was for the activity component (63.3, SD: 28.5), followed by the symptom (54.9, SD: 20.4) and impact components (38.2, SD: 20.2). Those with severe malnutrition scored significantly higher (poorer QoL) on the activity, impact, and total scores than those with normal nutrition (P,0.02).
Malnutrition and related factors
The overall logistic regression model was significant (P,0.001; Table 2 ). Only number of meals and BMI were significant predictors of malnourishment (P,0.01). Increasing number of meals and increasing BMI were both associated with reduced odds of malnourishment (5.6 and 3.4 times, respectively). Number of years smoked (P=0.088; increased odds of malnourishment) and EER% met (P=0.056; decreased odds of malnourishment) were both trending toward significance.
Qol and related factors
Total QoL score and subscores, except symptom componence, were significantly associated with nutritional status and disease severity (Table S1, Figure S1 ). Age, gender, and smoking years (Block 1) accounted for a nonsignificant 4% of the variance in the total QoL scores (P=0.069; Table 3 ). The addition of number of exacerbations and FEV 1 % in Block 2 accounted for a further significant 19% of variance in total QoL scores (P,0.001). The addition of %EER and number of daily meals and BMI (Block 3) accounted for a further significant 12% of variance in total QoL (P,0.001). Significant predictors in the final model (Block 3) were age, number of exacerbations, FEV 1 %, %EER, and number of daily meals (P,0.03). Using unstandardized beta coefficients, a one unit increase in number of exacerbations would produce a 2.33 unit increase in total QoL. A one unit increase in number of meals would produce a 3.61 unit decrease in total QoL. Similar results were found for QoL symptoms, activity, and impact (Tables S2-S4) .
Discussion
The present study highlighted a high prevalence of malnutrition, inadequate energy, and protein intake and low QoL in this sample of COPD outpatients. Nearly three-quarters of this sample with COPD in Vietnam were malnourished. This is considerably higher than previous studies involving populations from high-income countries (10%-45%), 36, 37 but is in line with a recent review statement indicating that the prevalence of malnutrition in COPD is higher in lowincome countries. 11 It is however also higher than a recent study conducted in Ho Chi Minh City, a southern province of Vietnam (45%). 12 This may be due to the NLH being a specialist hospital and receiving more severe COPD patients, this study and other previous studies found that malnutrition is higher in patients with more severe COPD. 37, 38 While only a small number of participants were active smokers, smoking has previously been identified as a factor influencing malnutrition risk. 39 Previous studies reveal that nicotine in tobacco affects body weight by increasing metabolic rate, decreasing metabolic efficiency through the release of hormones that influence appetite or reduce eating, and decreasing energy absorption, thereby facilitating weight loss. 40, 41 In addition, smokers in low-income countries tend to purchase less food due to tobacco expenditure and the food they do purchase seems to be of lower quality adversely affecting nutrition status. 42 Thus, the longer and more severe the addiction to tobacco, the higher the risk of malnutrition. The association between smoking and nutritional status is again highlighted when we found evidence that the mean total of smoking years is highest among those who were diagnosed with severe malnutrition. The mean age of our participants was 64 years and they had been smoking for up to 36 years. This raises an urgent need for public health efforts to reduce smoking rates and the inclusion of smoking cessation advice during early stages of COPD diagnosis that should be repeated routinely in parallel with nutrition counseling sessions. In COPD, systematic inflammation may cause anorexia associated with the arterial partial pressure of oxygen and therefore create greater risk of undernutrition and pulmonary cachexia. 36, 44 This study used SGA as the diagnostic tool to identify malnourished patients and found that even in groups who had a healthy weight and who were overweight (according to WHO classifications for BMI), patients with COPD were still at risk of malnutrition (78.3% and 18.5%, respectively). This suggests that phenotype is not necessarily indicative of a COPD patient's nutritional status and overweight status could hide muscle depletion. In fact, fat-free mass index has been shown to be a better marker compared to BMI. 44 BMI alone therefore may not be adequate as a nutrition screening tool for COPD patients as it lacks sensitivity. 9 It has been suggested that the only prompt, reliable method to assess nutritional status in COPD is via nutrition assessment instruments such as SGA. 45 Weight loss is common in COPD due to an imbalance between EI requirement and expenditure. 36 Most of the participants in this study (81.5%) experienced weight loss and on average they lost 1.6 kg (SD: 2.4) in the previous 6 months. This is again higher than in previous studies where 10%-15% of mild COPD and 50% of severe COPD patients had lost weight. 46 Noticeably, severely malnourished participants experienced greater weight loss than those who were mildly malnourished or well nourished. Due to the cross-sectional nature of this study, it is unclear if the weight loss continued. Several studies have pointed out that a weight gain of 2.0 kg or more will improve functional capacity and QoL among patients with COPD. 20 Therefore, preventing weight loss should be one of the primary goals of nutrition intervention strategies in COPD patients.
In addition to the decreased dietary intake and increased energy expenditure, COPD is often associated with muscle depletion that is caused by increased rate of protein degradation and decreased rate of protein synthesis 47 and this is worse with aging. 31 In recent nutrition guidelines for elderly, high energy and protein diets are recommended. 28, 30, 31 This study found that most of participants (more than 80%) did not meet their energy and protein requirements. In addition, severely malnourished COPD patients achieved lower energy and protein intakes and had fewer meals per day than well-nourished patients. A quarter of participants had only two meals per day and nearly half of participants avoided several protein-rich foods due to traditional beliefs. These factors detract from optimizing the eating habits of COPD patients and indicate the need to emphasize the importance of having more meals per day and encouraging daily food diversity. Although the advice that COPD patients should consume more small meals per day is mentioned commonly in nutrition guidelines, to date no studies have provided empirical evidence that additional meals support improvements in nutritional status. This study found that with an extra meal a day the odds of having malnutrition decreased 5.6 times (see Table 2 ). This important finding supports practical recommendations to consume more meals. This simple strategy could potentially benefit COPD patients in preventing weight loss, promoting weight gain, and improving nutritional status.
In agreement with other studies, our participants had their HRQL markedly impaired across all levels of malnutrition and COPD severity. 25, 48 Low body weight or other compromised anthropometric measurements and long smoking history were associated with greater impairment in HRQL score. This study also found nutritional status was correlated with lung function and HRQL. Previous studies reported the effectiveness of nutrition interventions in improving functional capacity and HRQL in COPD patients.
13,49-51 Among several factors related to HRQL and malnutrition status described in this study, we found that the most significant factor which is feasibly modifiable is the number of meals that participants consume per day. An extra meal per day would help reduce SGRQ total and subscores by a range of 2.5-5.2 points, indicating a better HRQL. Research has indicated that a four point improvement in SGRQ score can contribute to a change in clinical outcomes. 48, 52 This again emphasizes that a strategy to encourage COPD patients to add more meals a day may help to improve not only nutritional status but also HRQL. Further studies are needed to confirm the effectiveness of this simple practice.
Most recent studies focus on the addition of dairy-based supplements rather than dietary advice alone in intervening nutrition for patients with COPD. This may not be relevant for Vietnamese elderly due to high rate of lactose intolerance. 53 In addition, milk and dairy products are expensive in Vietnam and other regional countries. Tailored dietary advice therefore, rather than supplements, may be a potential strategy with greater impact for improving nutritional status, functional capacity, and QoL in low-resourced nondairybased cultures. 54 Based on findings from this present study, nutrition counseling for COPD patients should include the following key messages: 1) increase the number of meals consumed per day by ensuring three main meals and adding snacks between meals; 2) broaden the diversity of foods incorporated, especially protein-rich foods such as all kinds of meats, poultry, seafood, eggs, milk, and nuts; and 3) choose energy-and protein-rich foods that are available, accessible, and affordable relevant to an individual patient's context. Nevertheless, there are some important limitations that call for caution in the interpretation of our findings. While multipass recalls are best practice and should include a weekend day, only one day could be collected due to time and resourcing constraints. In addition, this study failed to detect other underlying disease that may have impact on patient weight due to limited resources. However, the findings of this study provided useful information for developing a nutrition intervention strategy for Vietnamese COPD outpatients that will be useful for future work in this population.
Conclusion
Given the burden of COPD and the combination of poor dietary intake and impaired HRQL with the high prevalence of malnutrition, there is an urgent need for nutrition intervention in COPD outpatients in Vietnam. The findings from this study provide a valuable insight into the potential barriers and enablers for the management of malnutrition in this patient group. This study highlighted some key nutrition messages that encourage COPD patients to have more meals and consider daily consumption of energy-and protein-rich foods as a priority in order to improve their nutritional status, functional capacity, and QoL.
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